Sonic hedgehog promotes proliferation and differentiation of adult muscle cells: Involvement of MAPK/ERK and PI3K/Akt pathways.
Sonic hedgehog (Shh) has been reported to act as a mitogen and survival factor for muscle satellite cells. However, its role in their differentiation remains ambiguous. Here, we provide evidence that Shh promotes the proliferation and differentiation of primary cultures of chicken adult myoblasts (also termed satellite cells) and mouse myogenic C2 cells. These effects are reversed by cyclopamine, a specific chemical inhibitor of the Shh pathway. In addition, we show that Shh and its downstream molecules are expressed in adult myoblast cultures and localize adjacent to Pax7 in muscle sections. These gene expressions are regulated during postnatal muscle growth in chicks. Most importantly, we report that Shh induces MAPK/ERK and phosphoinositide 3-kinase (PI3K)-dependent Akt phosphorylation and that activation of both signaling pathways is essential for Shh's signaling in muscle cells. However, the effect of Shh on Akt phosphorylation is more robust than that on MAPK/ERK, and data suggest that Shh influences these pathways in a manner similar to IGF-I. By exploiting specific chemical inhibitors of the MAPK/ERK and PI3K/Akt signaling pathways, UO126 and Ly294002, respectively, we demonstrate that Shh-induced Akt phosphorylation, but not that of MAPK/ERK, is required for its promotive effects on muscle cell proliferation and differentiation. Taken together, we suggest that Shh acts in an autocrinic manner in adult myoblasts, and provide first evidence of a role for PI3K/Akt in Shh signaling during myoblast differentiation.